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SYSTEM AND METHOD FOR ESTIMATING CELL RATE IN AN ATM 

NETWORK 

This invention relates to a system and/or method for estimating a cell rate in an 
ATM (asynchronous transfer mode) network. More particularly, this invention relates 
5 to a system and/or method for estimatmg cell rate by exponentially averaging the 
number of cell intervals between two cells received on a connection in an ATM 
network. 

BACKGROUND 

The increasing interest for high band services such as multimedia applications, 
10 video on demand, video telephone, cellular phone services, and teleconferencing has 

motivated development of the Broadband Integrated Service Digital Network (B- 
ISDN). B-ISDN is based on ATM, and offers considerable extension of 
telecommunications capabihties. 

ATM is a packet-oriented transfer mode which uses asynchronous time division 
15 multiplexing techniques. ATM packets are called "cells'* and have a fixed size. An 
ATM cell typically consists of fifty-three (53) octets, five (5) of which form a header 
and forty-eight (48) of which constitute a payload or information part of the cell. The 
header includes two cfuantities which are used to identify a connection in an ATM 
network over which the cell is to travel, particularly the VPI (virtual patfi identifier) and 
20 Yd (virtual channel identifier). 

At its t^mination or end points, an ATM network is connected to tenninal 
equipment such as ATM network users (i.e. end systems). Between ATM end systems 
are a plurality of switching nodes having ports which are connected together by physical 
transmission paths or links. Thus, an ATM network is a collection of end systems 
25 interconnected through one or more ATM switches. On a connection, an end system 
both sends data to other end system(s) on the network involved in the connection, and 
receives data from other end systems on the network involved in the connection. When 
an end system is a data sender, it is called a "source** and when a receiver it is called a 
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"destination." For example, see U.S. Patent Nos. 5,963,553 and 5,946,309, the 
disclosures of which are hereby incorporated herein by reference. 

Multiple service categories of differing traffic characteristics and/or service 
guarantees have been defined for ATM networks. Examples include CBR (constant bit 
5 rate), rt-VBR (real-time variable bit rate), UBR (unspecified bit rate), nrt-VBR (non- 
real-time variable bit rate), and ABR (available bit rate). 

ABR is intended primarily for non-real-time data applications with varying 
and/or unknown bandwidth requirements and which cannot easily be characterized in 
terms of a peak cell rate, a sustainable cell rate, and a maximum burst size. The source 

10 of an ABR VC (virtual circuit or connection) periodically creates and sends control 
cells called RM (resource management) cells which travel through the same path as data 
cells (e.g., traffic cells) of the VC to the destmation of that VC. The destination then 
loops these cells back to the source through the same path. When an RM cell is 
traveling from die source to the destination it is called a forward RM cell; and when 

15 travelling from the destination to a source it is called a backward RM cell. Fig. 1 
illustrates an exemplary RM cell including fields thereof. 

Referring to Fig. 1, certain of tiiese RM cell fields are read-only fields while 
others may be modified by intermediate ATM switches and/or the destination. For 
example, the CCR (current cell rate) field is a read-only field that contains tiie value of 
20 ACR (allowed cell rate) at die transmission time of die RM cell from the source. The 
DIR field represents a direction bit. When a source creates an RM cell, its sets DIR to 
zero (0) indicating a forward RM cell. Before the destination loops back an RM cell, it 
changes DIR to one (1) indicating a backward RM cell. 

The ACR (contained in the CCR field) represents the rate the source is using to 
25 control its cell transmission for a VC or other network connection. The ACR value of a 
particular forward RM cell is inserted into that cell's CCR field at the time of its 
transmission. Sources adjust ACR based upon cell rate feedback carried by returning 
RM cells. 



wo 02/03609 



PCT/SEOl/01510 



3 

ABR switch mechanisms often suffer from CCR-reliance problems as follows. 
ER (explicit rate) values are determined by an ABR switch for each ABR connection. 
These values are sent back to the source in backward RM cells. ABR switch 
mechanisms typically read the CCR fields of RM cells passing through them and use 
5 these CCR fields in thek ER calculations. 

An implicit assumption that existing systems make is that the CCR field read by 
a switch firom an RM cell on a given VC represents the actual rate of the VC at the 
moment of reading the field. This is often not true for at least the following reasons. 
First, CCR represents the maximum rate that the VC can use (i.e. ACR) at the time the 

10 RM cell was transmitted by the source. However, an ABR VC need not use all of its 
ACR. Thus, ACR may be larger than the actual rate of the VC. Second, when an RM 
cell is received by an intermediate switch and its CCR field read by the switch, the CCR 
field is old at that pomt and may not reflect the current value of ACR back at the source, 
not to mention the current actual cell rate. Thkd, a bad (or smart) source may insert a 

15 wrong ACR value into its CCR field in hope of acquiring more rate by doing so. This 
can cause the network to suffer in terms of buffer overflows; and fairness issues may 
arise. 

To avoid the aforesaid CCR-reliance problems, per ABR VC rate measurements 
may be performed. One way of measuring (or estimating) ATM cell rate is to define a 

20 measuring time period **T" (e.g. 5 ms), and count the number of received ATM cells on 
a connection during that period. The cell rate is then n/T, where "n" is the count. This 
method may be rather accurate when the value of "n" is large (i.e. for high cell rate 
connections), because a minor deviation in the count number "n" does not substantially 
change the calculated rate. For example, if "n" changes from 75 to 73 when T is 5 ms, 

25 this only changes the measured cell rate from 15000 cells/s to 14600 cells/s, which is 
not a substantial change. 

On the other hand, for low rate connections, the value "n" is small and even a 
single deviation in count value "n" can substantially affect the calculated cell rate. For 
example, assume the cell rate is just below one cell per period. In some intervals the 
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count '"n" will be one (1) and the rate 200 cells per second, but in other intervals the 
count "n" will be zero (0) and the calculated rate will be zero (0). Likewise, even a 
shift in "n" from 1 to 2 will substantially change the measured cell rate from interval to 
interval. In short, this method of estimating cell rate is undesirable for low cell rate 
5 applications/connections. 

Another manner in which to measure or estimate ATM cell rate is to measure the 
time (using a count of ATM cell intervals) between two cells received on the same 
connection (e.g. VC). The estunated cell rate in this case is l/(n*t), where "t" is the 
length of a cell interval and "n" is the count value. This method has the opposite 

10 problem as that of the fsist measurement method previously described. This method is 
rather accurate for low cell rate connections ("n" is large), but does not work well for 
high cell rate connections C*n" is low). In high cell rate coimections where **n" is low, a 
change in from one (1) to two (2) would have a substantial effect on the measured 
cell rate. For example, if a rate over five or so cells received on a connection was truly 

15 about 1/1. l*t (but "n" varied between 1 and 2), the calculation of cell rate when "n" 
was 2 would be V2H and would not accurately reflect the true cell rate. 

The point where the two aforesaid methods have approximately the same 
accuracy is when "n" is equal in both methods, which is when "n" is equal to the square 
root of N ( where N is the number of cell intervals in the measuring period). 

20 One solution to the aforesaid problem(s) would be to use the first method (i.e. 

cell rate = n/T) for connections with high cell rates and the second method (i.e. cell rate 
= l/(n*t)) for low cell rate connections. The problem with this approach is that an ATM 
connection (e.g. VC) may have very different cell rates at different times, so both types 
of measurements may have to be performed on all connections at all times. 

25 What is needed therefore, and an object of tiiis invention, is an efficient 

method/system for estimating ATM cell rates in both high and low cell rate 
connections. 
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SUMMARY OF THE INVENTION 

A method/system for estimating cell rate is provided The cell rate to be reported 
to an ATM (asynchronous transfer mode) source may be estimated using a previously 
calculated cell rate parameter weighted in a manner dependent upon whether the 
5 previous rate was high or low. An averaging parameter may be adjusted for each 
calculation so that for low rate connections newly measured data is more heavily 
weighted, and for high rate connections newly measured data is less heavily weighted. 
Relatively accurate and quick estimates for both high bandwidth and low bandwidth 
connections are thus achievable. 

10 For example, in one non-limiting embodiment the cell rate (CR) on an ATM 

connection may be estimated as CR = l/[A(new)*t], where: "t" is the length of a cell 
interval, and A(new) = A(old)*(l-a) + (a*n) = A(old) - a*(A(old)-n). In the latter 
equation, "n" is a value indicative of the number of cell intervals between two received 
cells on the same connection; A(old) is the previously stored and calculated cell rate 

15 parameter A; and "a" is an averaging parameter to be adjusted between 0 and 1 as a 
function of cell rate on the comiection. When **n" is large (low cell rate) on a 
connection, parameter "a" is adjusted to a high value(s) so that previously estimated or 
calculated cell rate parameters (e.g. A, "n", and/or CR) are soon forgotten and the newly 
estimated cell rate is based primarily upon newly measured data. However, when "n" is 

20 small (high cell rate) and may thus vary substantially relative to its previous value, 

parameter "a" is adjusted to a lower value so that newly measured data does not have a 
significant immediate effect on the estimated cell rate (CR) to be sent back to a source 
in a backward RM cell. 

BRIEF DESCRIPTION OF THE DRAWINGS 



25 



The foregomg and other objects, features, and advantages of the invention will 
be apparent from die following more particular description of preferred embodiments as 
illustrated in the accompanying drawings in which like reference numerals indicate like 
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parts throughout the several views. The drawmgs are not necessarily to scale, emphasis 
instead being placed upon illustrating principles of the invention. 

Fig. 1 shows various fields of an ATM RM cell. 

Fig. 2 is a schematic illustration of a portion of an ATM network mcluding first 
5 and second ATM switches through which a plurality of sources and destinations 
communicate via ATM cells. 

Fig. 3 is a schematic illustration of an ATM switching mechanism including a 
pair of ports for accommodating ATM cell flow. 

Fig. 4 is a flowchart generally illustrating a manner in which new cell rate (CR) 
10 is esthnated upon receipt of an ATM cell according to an embodiment of this invention. 

Fig. 5 is a flowchart illustrating how cell rate parameter A(new) is calculated in 
accordance with an einbodiment of this invention. 

Fig. 6 is a block diagram iUustratihg circuitry used for calculatmg A(new) in 
accordance with an embodiment of this invention. 

15 DETAILED DESCRIPTION OF THE DRAWINGS 

In the following description, for purposes of explanation and not limitation, 
specific details are set forth such as particular architecture, interfaces, circuitry, 
techniques, etc. in order to provide a thorough understanding of the present invention. 
However, it will be apparent to those skilled in the art tiiat the present invention may be 
20 practiced m other embodiments that depart from these specific details. In other 

instances, detailed descriptions of well known devices, ckcuits, graphs, and methods are 
omitted so as not to obscure tiie description of the present mvention witii unnecessary 
detail. 

Fig. 2 is a schematic illustration of an ATM network including ATM sources A- 
25 E which communicate with ATM destinations A-E via ATM switches SWO and SWl. 
On a given ABR VC, a source sends data cells to a destination through one or more 
switches SW, with the source periodically creating and sending forward RM cells (see 
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Fig. 1). The aggregate traffic sent by the source is dynamically shaped to an ACR 
(allowed cell rate) which is controlled by the network. In particular, the source inserts 
its current ACR in the CCR field of forward RM cells. It also indicates its desked rate 
through the ER (explicit rate) field. The ER field is often set to the peak cell rate (PGR) 
5 of the connection. When a destination receives a forward RM cell, it changes the DIR 
bit to one (1), reduces the ER field to whatever value it can support, and loops the RM 
cell back to the source. The backward RM cells travel through the same path as that of 
the data and forward RM cells on the same VC, but in reverse dkection. 

In accordance with the ATM Forum Traffic Management Specification, 
10 intermediate switches SW have the option of mtercepting forward and/or backward RM 
cells to reduce their ER fields to whatever values they can support so long as fairness is 
maintained. Thus, when an RM cell finally returns to its originating source, its ER field 
reflects the maximum possible rate on the most congested link along the connection's 
path. The source may then adjust its ACR using: 

15 ACRnew = min(ER in returning RM cell ACRcurrent + RIF*PCR) 

Equation (1) 

where RIF (rate increase factor) is a parameter that is determined during connection set- 
up. It can be seen that when RIF=1, ACR is totally controlled by the ER values in 
returning RM cells. Thus, ER values received by a source via returning RM cells have 
20 an impact on how the source sets its future cell rate parameters. 

Certain embodiments of this invention relate to an ATM entity (e.g. ATM switch 
or end system) calculating or estimating an ATM cell rate tiiat is to be used in 
calculatmg an ER value in a backward RM cell (e.g., measured CCR values need not be 
directiy reported back to the source; but instead may be used as inputs to an algorithm 
25 that calculates the ER value, i.e., ER = function of measured CCR). By more efficientiy 
calculating this value, the aforesaid CCR-reliance problems are addressed and/or 
resolved. ATM sources may then utilize these returned ER values in setting their 
ACR/ER values in the context of the ABR service category. 
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While the below-listed description and illustrations herein are in the context of 
an ATM ABR service category, it will be recognized by those of skill in the art that this 
invention is not so limited, and may be used or implemented whenever a measurement 
or estimation of the cell rate for a connection is needed (not just for ABR ER 
5 calculations). 

As shown in Fig. 3, an ATM switch fabric connects a pair of ports 15, each 
having a queue 17 at its egress. The data cell and RM cell flows on an ABR VC are 
shown in differing solid lines with arrows. These lines may lead to any of the , 
sources/destinations shown in Fig. 2. The method / system for calculating an ATM cell 
10 rate set forth herein may be carried out at an ATM switch, or alternatively at any 
destination in the network that receives ATM cells. 

In certain embodiments of this invention, the rate calculation or estimation is 
based on an exponential averaging of the number "n" of cell intervals between two cells 
received on the connection (i.e. an improvement of the cell rate = l/(n*t) me&odology 
15 described previously). A cell rate (CR) estimate is calculated to be: 

CR=l/(A(new)*t) (2) 

where '"t" is the length of a cell period and cell rate parameter A(new) is a function of 
"n" that is calculated as set forth below. A(new) in this particular embodiment is not an 
integer, but a real value having a fractional part. 

20 Each time an ATM cell is received (either by a switch or end system which 

carries out this invention), it is timestamped. The difference between this timiestamp 
and the previous tunestamp of a cell from the same connection shows the number of 
cell intervals between two cells from that connection. The difference between the 
timestamps is thus "n". 

25 When a new ATM cell is received on the connection at issue, new cell rate 

parameter A(new) is calculated in Equation (3) as follows: 

A(new) = A(old)*(l'a) + a*n = A(old) - a*(A(old)-n) (3) 
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In equation (3): means multiply; A(old) is indicative of and proportional to 
tiie mean value of the nmnber of cell intervals "n" between two consecutively received 
cells recently received on the same connection (or alternatively may be the previously 
calculated and stored value of ceil rate parameter A); "n" is the difference between 
5 timestamp values (or any other number) that is indicative of the cell interval between 
the two cells received on the same connection; and "a" is an averaging parameter that is 
set (as will be described hereinbelow) as a function of the cell rate on the connection 
(e.g. a may be set as a function of A, CR, and/or **n" in different embodiments of this 
invention). As can be seen, A (old) is indicative of and proportional to a number of cell 
10 intervals "n" between two previously received cells on the same connection. 

Averaging parameter oc, set as a function of the connection's cell rate at issue, is 
preferably adjusted to a value that is consistentiy greater than zero (0) and less than or 
equal to one (1). In other words, 0 < a < 1 . When "a" is set to a relatively small value, 
the newly measured value "n" (which indicates the number of cell intervals between the 

15 newly received ATM cell on the connection and the previously received ATM cell on 
that connection) will have httie or small effect on A(new), i.e., the function has a long 
memory. However, when "a" is set to a relatively large value (e.g. from 0.75 to 1.0), 
tiie newly measured value "n" will have a larger effect on A(new), and the older values 
of **n" and A(old) are quickly forgotten. As can be seen from the equation for A(new) 

20 above, if "a" is set to equal one (1), then A(new) will be calculated as being the newly 
measured value **n" for the received ATM cell (i.e., no memory at all). Thus, when the 
system is confident that the newly measured value "n" for a received cell on a particular 
connection is an accurate reflection of tiie actual cell rate (e.g. when "n" is very large), 
then "a" may be set to equal one (1). 

25 For purposes of example only as to how "n" may be calculated, consider the 

following example. The term "n" is indicative of the number of received cells between 
two received cells belonging to the same comiection. Suppose cells are received in the 
following order belonging to the number comiection (each received cell includes a 
VPWCI value identifying its connection): 1, 2, 3, 4, 3, 2, 5, 6, 4, 5, 1. In tiiis case, "n" 
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indicates that the number of cell intervals between the 1-cells is ten (10). Likewise, the 
number of cell intervals between tibie 2-cells is four (4). 

For low cell rate connections, '*n" is large and in and of itself is a good reflection 
of the cell rate. In such a case, averaging parameter "a*' is set close to one (1), e.g. 

5 from about 0.5 to 1.0. Thus, the older A and "n" values will soon be forgotten and 
A(new) will be close or closer to the newly measured "n" value. However, for high cell 
rate connections, "n" may vary relative to itself in a significant manner between two 
intervals (e.g. "n" may be 1 for a given cell, and 2 for the next). Thus, in a high cell rate 
envkonment, "a" is set at a smaller level (e.g. from about 0.001 to 0.50) so that newly 

10 measured "n" value(s) do not have a significant immediate impact on A(new). In other 
words, for higih cell rate connections, it is desirable to set ''a" to a value so that ''n" 
averaging takes place over a larger number of measured '"n" values so that the reported 
rate is a more accurate representation of the true cell rate. 

Accordingly, averaging parameter "a" is adjusted herein as a function of cell 
15 rate. Values "n", A and CR are reflections of cell rate. Thus, in certain embodiments 
"a" may be adjusted as a function of '*n*' while in other embodiments it may be adjusted 
as a function of A and/or CR for the connection at issue. If A (or *'n" if it is the basis 
for adjustment) is small, then "a" is set to a relatively low value. If A (or "n") is large, 
then "a" is set to a relatively high value. In other words, averaging parameter "a" is 
20 adjusted so as to be proportional to cell rate (e.g. "a" is proportional to at least one of 
"n",A,andCR). 

In certain non-limiting embodiments, averaging parameter "a" may be adjusted 
so as to proportional to cell rate in accordance with the following equation: 

a^k'^Aiold) (4) 

25 where **k" is some constant and A(old) is some previously measured value of A 

(preferably the immediately previous value of A). In certain embodiments, "a" is set in 
a manner so as to be greater than some minimum value "m** such as zero (0), but no 
greater than one (1.0). 
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For very high cell rate connections, "n" as measured for a newly received ATM 
cell may vary between 1 and 2 for example. The more "l"s, the higher the true cell rate. 
Assume that a resolution of 0.1% is desired for the highest possible cell rate. When the 
count "n" is 2, the value A(new) (truly just above 1) will increase from one (1) to (1- 

5 a)*A(old) + 2*a (or roughly 1+a), which should not end up being higher than 1 .001 in 
view of the desired 0. 1% resolution requirement. A minimum value for averaging 
parameter **a" (for the highest cell rate) given the desired 0.1% resolution for the 
highest cell rate can thus be calculated as 1/10(X). This can be adjusted for 
implementation purposes to 1/1024. Using such methodology, a table of values for 

10 parameter "a" can be developed in any suitable nianner. An exemplary table in this 
regard is set forth below in Table 1, where "a*' is set so as to be proportional to A(old). 

TABLE 1: A(oldWs."a" 



Afold^ value **a" value 

A<2 1/1024 

15 2-4 1/512 

4-8 1/256 

8-16 1/128 

16-32 1/64 

32-64 1/32 

20 64-128 1/16 

128-256 1/8 
256-512 

512-1024 Vi 

A>1024 1 



25 In Table 1, values indicative of parameter "a" are a function of A for purposes of 

example only. A similar table may be used to set "a" as a function of a new or old **n" 
count value, or any other type of table may be used so long as "a" is adjusted as a 
function of cell rate or a cell rate parameter. As can be seen above in Table 1, the 
higher the cell rate, the smaller the value set for "a." When a new ATM cell is 

30 received, after "a" has been calculated or adjusted in accordance with cell rate (as 
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exemplified above), the "a" value is inserted into equation (1) so that A(new) can be 
calculated and thereafter plugged into tiie equation for determining estimated cell rate 
CR. 

As shown in Table 1 above, when A is greater than 1024 (low cell rate) 
5 parameter "a" is set to one (1). This is because when **n" is large, it is a good reflection 
of cell rate when placed into the equation l/(i?*t). Thus, when "n" or "A" exceeds a 
predetermined threshold then "a" may be set to a predetermined value such as 1, or 
the like (this value need not be lin all embodiments of this invention). 

Fig. 4 briefly explains how cell rate estimate CR is calculated in one example 
10 embodiment of the invention. Initially, a previous cell rate parameter A(oId) and 
previous timestamp for the last cell received on a given connection are stored in 
memory. A new cell on the connection is received (step 21). Using the earlier 
timestamp and a new timestamp applied to the newly received cell, count value **n" is 
determmed as described above (step 23). Averaging parameter "a" is adjusted or 
15 calculated as a function of cell rate (e.g. as a function of A(old)) (step 25). A new value 
A(new) is then calculated based in part upon effectively multiplying the newly 
determined "n" by averaging parameter "a." For exanple, as shown in step 27, A(new) 
= A(old) - a (A(old) - n). After A(new) has been calculated, the estimated cell rate is 
then calculated: CR = l/(t*A(new)) (step 29). Following its calculation, the estimated 
20 cell rate CR is used as input(s) to an algorithm that calculates the ER value, so that the 
source can efficiently adjust its ACR and/or ER values for future cells on the 
connection (step 31). 

Cell rates in ABR ATM applications have been known to rapidly change. To 
cope with this potential, an extra check may be implemented to determine if a newly 
25 measured **n" count value is of the same order of magnitude as the previously measured 
A value (i.e. A(old)). If the new "n" value differs significantiy (e.g. more than four (4) 
times A, or less than one-quarter of A), then parameter "a" should be set to a 
predetermined value (e.g. a mid-range value such as ^) so that A(new), and thus CR, 
quickly converge to a new steady state value(s). 
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The above-listed equation (3) illustrates multiplication per se. From an 
implication perspective, it is not desirable to perform multiplication. However, 
effective multiplication by may be easily performed by logical shifts (i.e. shifts may 
be used to effectively multiply). Accordingly, in certain preferred embodiments of this 
5 invention, averaging parameter "a" may be set to the nearest value of 2"^ k=l , 2, 3, 4 . . 
. . In such a manner, A(new) may then be calculated using subtractions and logical 
shifts as shown in Figs. 5-6. Thus, in accordance with the embodiment described 
above, averaging parameter "a" may be calculated as follows: 

a = (2**[21ogA])/1024; (5) 

10 a = min(a,l); (6) 

a = max (a, 1/1024); (7) 

ifn>4*Atiien;a = V4;and (8) 

ifn<A/4thena = Vi. (9) 

In equation (5), "[21og A]" means the integer part of the 2-logarithm of A. In 
IS practice using the circuitry of Fig. 5 - Fig. 6, this means the position of the most 

significant binary bit of A. Thus, in equation (5), "2i">'[21og A]" means in practice that 
all bits except the highest non-zero bit in A are cleared (note that A has a Actional part 
as well). 

Given an assumption that 35 bits are available per connection for storage of 
20 values, the A value must have a good resolution and at the same time a wide range. 
Because 16 bits may not be enough to code it as an integer in all embodiments, it is 
preferably coded as a float (i.e. a float has a mantissa (m) and an exponent (e) as known 
in the art). For example, 9 bits may be used for the mantissa (m) and 5 bits for the 
exponent (e). The most significant bit of tiie mantissa (m) may be implicit, such that the 
25 value of A may be expressed as: 

A = (l+m/512)*2*' (10) 
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Equation (10) also is advantageous in that "a" is directly found as a = 
2**dl014, It is noted that before A is used in tiie calculation, it must be coded as a real 
nximber (20 bits integer part and 10 bits fractional part), and when the A(new) result has 
been calculated, it is again coded into float as shown in Fig. 5 - Fig. 6. Accordingly, 

5 there are 21 bits left over for the timestamp. However, one of these bits is preferably 
used to indicate "old" for a timestamp (see below), so 20 bits can thus be used for the 
actual timestamp for a received ATM cell. With 600 ns cell periods for example, this 
corresponds to 630 ms, or 610 bit/s. Timestamps may be maintained in number of cell 
intervals, i.e. if one cell interval is 600 ns, then a timestamp value of 10 corresponds to 

10 6 microseconds. 

It may happen that a source is silent for a period of time and thereafter begins 
again by sending a cell. In such a case, a cell received much earlier is preferably not be 
used due to its age. To handle this, all cells exceeding a predetermined age are 
identified by settmg an "old" bit thereof for flagging purposes. For example, a 

15 background routine may check timestamps for all connections on a regular basis and 
marks those A(old) stamps that are too old (i.e. older than a predetermined value/age) 
with an old=l stamp (i.e. set the old-bit in the same to "1"). In certain embodiments, an 
old timestamp (old=l) is applied to a cell who's stamp is more than 315 ms long (e.g. 
half the timestamp range). Whenever a cell is received, the old-bit is preferably reset. 

20 If the background routme is executed every 16^ cell cycle, for example, and there are 
32k connections, one loop with take 315 ms, which is what is required in certam 
embodiments. 

Fig. 5 and Fig. 6 illustrate one manner in which the invention may be 
unplemented, although it will be understood that this embodiment is not limiting as the 
25 invention may also be implemented in many other ways as will be appreciated by those 
skilled in the art. 

Referring to Fig. 6, an ATM cell 49 is received by the ATM switch or end 
system. Also received is a channel number 50 which identifies the chaimel on which 
the cell was received. These signals 49 and 50 may come from another hardware (HW) 
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block that receives cells over a link and identifies the channels using the VPWCI 
values in the cells. New cell signal 49 clocks a running slot counter 52 into register 54. 
This is the new timestamp 56 for the channel on which the new cell was received. 
Channel number 50 is used to address memory 58 via controller 60, where data for each 
5 channel (e.g. 01d_time_stamp, mantissa (m) for A(old), exponent (e) for A(old), and 
old-bit indicative of whether data in RAM is too old for use) is stored. Controller 60 
retrieves the most recently calculated and stored A(old) value (in float format) for the 
connection (e.g. VC) corresponding to the newly receive cell from memory 58 via its 
"m" and "e" along with the tino^tamp for the last received cell on tibiat connection 
10 (01d_time_stamp). 

A background routine in controller 60 checks all old timestamp values of 
memory 58 versus a value from slot count 52 to make a determination as to whether 
they are too old to use. If so, the old bit of 01d_tune_stamp retrieved from memory 58 
is set to 1 as discussed above (an indication that this stamp should not be used because 

15 it is too old). Upon receiving a cell on a given connection, controller 60 initially checks 
to see if the old bit for the last timestamp for that connection is set to 1 (step 53). If so, 
the old-bit is reset to zero (0) (step 55) and A(old) is set to a very high value, preferably 
greater than 1024 by selector 62 and shift register 64 (step 55). In step 55, when A(old) 
is set to such high value, this results in a parameter a value of 1.0 (e.g. see Table 1 

20 above) which in effect means that the A(old) value is not used in calculating A(new), 
i.e. OR is calculated solely based upon the newly measured count value "n" when 
placed in the equation l/(n*t). 

When it is determined in step 53 by controller 60 that the old bit is not set to 1 , 
then A(old) is converted to a real number via shifting by register 64 and/or selector 62 
25 (step 57). Controller then forwards the old timestamp value to comparator 66 which 
also receives from register 54 the new timestamp of the newly received cell. 
Comparator 66 determines the newly measured "n" count value in step 59 by 
subtracting the old timestamp from the new timestamp, and outputs fht measured '"n" 
value 68 to comparators 70 and 72. After **n'* has been calculated by comparator 66, 
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controller 60 resets the "old timestamp" value to the "new timestamp** value which the 
controller received from register 54 (step 61). The new value for the "old timestamp" is 
then stored in memory 58. 

Shift register 64 receives the mantissa and exponent bits of A(old) and converts 
5 the same to real, which is forwarded at 74 to comparators 70 and 72. 

Processor/comparator 72 receives "n" and real A(old), converts "n" to real in step 63, 
and then makes a determination as to whether "n" is greater than 4/A or less than A/4 in 
step 65 (to detect whether a rapid change in rate has occurred). If so (rapid rate change 
detected), then processor/comparator 72 causes k to be set to one (k=l) by selector 76 

10 (step 67). As discussed above, this results in "a" being set to approximately ¥i so that 
A(new) quickly converges to a new steady state estimate value. On the other hand, if it 
is determined that the step 65 query is negative, then k is set to the 2-logarithm of a 
(negated) in step 69 (k = 10-e) by arithmetic function 78. If k is Uien determined by 
function 78 at step 71 to be less than zero (0), then k is set to zero (0) at step 73 by 

15 function 78 and selector(s) 76, 80. 

Thus, the output of selector 76 determines the k value sent to shift register 82. 
Register 82 also receives B from comparator 70, and performs step 75 by shifting B to 
the right by k bits. Thereafter, comparator 84 performs step 77 [A(new) = A(old) - B 
(shifted)] to calculate A(new). Looking at step 75 followed by step 77, B has been set 
20 to A-n and k has been set to 10-e. Thus, A is from a practical standpoint set to: A = A - 
(A-n) » (10-k) which is the same as A(new) = (A(old) - (A^-n)*2)/1024, which is the 
same as the equation (3) listed previously. 

After A(new) is calculated at 84, it is converted to float format at 86 in steps 79, 
81 and 83 in a well known manner, and stored in memory 58 as A(old) replacing the 
25 previous value for the same. 

After A(new) has been calculated, the estimated cell rate is then calculated: CR 
= l/(t*A(new)). Following its calculation, the estimated cell rate CR is used to 
calculate £R (e.g., via a backward RM ceU) so that the source can efficiently adjust its 
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ACR and/or ER values for future cells on the comiection. Advantages include quick 
cell rate estimates for both high and low bandwidth conditions. 

Fig. 6 is for purposes of example only and is not intended to be limiting. In oth^ 
words, other types of circuits and/or software may be used to carry out the steps listed in 
5 Fig. 4 and Fig. 5. 

Certain embodiments of this invention relate to an ATM entity (e.g. ATM switch 
or end system) calculating or estimating an ATM ceU rate that is to be sent back to a 
source as an ER value in a backward RM ceU. An averaging parameter may be adjusted 
for each calculation so that for low rate connections newly measured data is more 
10 heavily weighted, and for high rate coimections newly measured data is less heavily 
weighted. Thus, estimates may be more efficientiy calculated and relatively accurate 
and quick estimates for both high bandwidth and low bandwidth connections are 
achievable. By more ef^cientiy calculating this value, the aforesaid CCR-reliance 
problems are addressed and/or resolved. 

15 While the invention has been described in connection with what is presentty 

considered to be the most practical and preferred embodiment, it is to be imderstood 
that the invention is not to be limited to the disclosed embodiment, but on the contrary, 
is intended to cover various modifications and equivalent arrangements included within 
the spirit and scope of the appended claims. 



20 
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WHAT IS CLAIMED IS: 

1. A method of calculating an estimated cell rate for a connection comprising 
llie steps of ; 

receiving a cell on the connection; 
5 adjusting an averaging parameter so that a value of the averaging parameter is a 

function of cell rate; and 

estimating a cell rate for the connection using the value of the adjusted averaging 
parameter. 

2. The method of claim 1 , further comprising the step of determining a count 

10 value indicative of a number of cell intervals between the received cell and a previously 
received cell on the same connection. 

3. Hie method of claim 2, wherein said estimating step further includes 
estinoating the cell rate for the connection using the count value indicative of the 
number of cell intervals between the received cell and the previously received cell on 

15 die same connection. 

4. The metiiod of claim I, wherein said adjusting step includes adjusting the 
averaging parameter so tiiat the value of the adjusted averaging parameter is 
proportional to at least one of (a) a number of cell intervals between the received cell 
and a previously received cell, and (b) a previously stored value indicative of or 

20 calculated at least in part based upon a number of cell intervals between two received 
cells. 

5. The metiiod of claim 4, further comprising the steps of: calculating a cell rate 
parameter A(new) in the following manner: 

A(new) = A(old)*(I-a) + a*n = A(old) - a*'(A(old)-n) 

25 wherein a is die averaging parameter that is adjusted in said adjusting step, "n" 

is a count value indicative of a number of cell intervals between the received cell and a 
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previously received cell on the same connection, and A(old) is a previously calculated 
and stored value indicative of a number of cell intervals between two previously 
received cells; 

estimating cell rate CR by CR = l/(A(new)*t), where "t" is a length of a cell 
5 period; and 

sending the estimated cell rate CR to a source via a backward RM ceU. 

6. The method of claim 1, further comprising the step of determining a count 
value indicative of a number of cell intervals between the received cell and a previously 
received cell on the same connection, and wherein said determining a count value step 

10 includes comparing timestamp values for the received cell and the previously received 
cell. 

7. The method of claim 1, wherein the received cell is an ATM cell, and the 
method further comprising the step of sending the estimated cell rate back to a source 
on an ATM network via a backward RM cell. 

15 8. The method of claim 1, wherein said estimating step comprises adjusting the 

averaging parameter in a manner such that in a high cell rate connection a previously 
estimated cell rate parameter for the connection contributes more to the cell rate 
estimated in said estunating step than in a low cell rate connection. 

9. The method of claim 1, wherein said adjusting step includes adjusting the 

20 averaging parameter so that the parameter is larger for low cell rate connections than for 
high cell rate connections. 

10. The method of clann 1, further comprising the steps of: 

determining whether a count value "n" relating to the received cell differs from a 
stored value by more tiian a predetermined amount; and when the count value "n" 
25 differs from the stored value by more than the predetermined amount, then setting the 
averaging parameter to a predetermined value. 
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1 1 . In an ATM network including one or more ATM switches, a method of 
estimating ATM cell rate on a given connection of the network comprising the steps of: 

receiving an ATM cell on the connection; 

adjusting an averaging parameter so that an adjusted value of the parameter is at 
least partially a function of a value indicative of cell rate on the connection; and 

estimating a cell rate for the connection using the adjusted value of the averaging 
parameter. 

12. The metiiod of claim 11, wherein said adjusting step includes adjusting the 
averaging parameter so that the adjusted value of the parameter is at least partially a 
function of a previously stored value reflecting a number of cell intervals between two 
ATM cells received from a source on the connection. 

13. An apparatus for estimating ATM cell rate for a connection, the apparatus 
comprising: 

a receiver for receiving a ceE on the connection; 
15 a curcuit for adjusting an averaging parameter to a value relating to cell rate of 

the connection; and 

an estimating circuit for estimatmg a cell rate for the connection using the value 
of the averaging parameter. 

14. The apparatus of claim 13, further comprising means for determining a 
20 count value indicative of a number of cell intervals between tiie received cell and a 

previously received cell on the same coimection. 

15. The apparatus of claim 13, further comprising means for adjusting the 
averaging parameter so that the value of tiie averaging parameter is proportional to at 
least one of (a) a number of cell intervals between the received cell and a previously 

25 received cell, and (b) a previously stored value indicative of or proportional to a number 
of cell intervals between two received cells. 



5 



10 



wo 02/03609 



PCT/SEOl/01510 



16. The apparatus of claim 13, further comprising: means for calculating a cell 
rate parameter A(new) by: 

A(new) = A(old)*(l-a) + a*n = A(old) - a*(A(oldhn) 

wherein a is the averaging parameter, "n" is a count value indicative of a number 
of cell intervals between the received cell and a previously received cell on the same 
connection, and A(old) is a previously calculated and stored value indicative of and 
proportional to a number of cell intervals between two previously received cells; 

means for estimating cell rate CR by CR = l/(A(new)*t), where **f * is a lenglli of 
a cell period; and 

means for sending the estimated cell rate CR to a source via a backward RM cell. 

17. In an ATM network including one or more ATM switches, an apparatus for 
estimating cell rate on a given connection of the network comprising: 

means for receiving an ATM cell on the connection; 
means for adjusting an averaging parameter so that an adjusted value of the 
15 averaging parameter is larger for low cell rate connections than for high cell rate 
connections; and 

means for estimating a cell rate for the connection using the adjusted value of the 
averaging parameter. 

18. A method of calculating an estimated cell rate for a connection comprising 
20 the steps of: 

receiving an ATM cell on the connection; 

adjusting an averaging parameter so that an adjusted value of the averaging 
parameter is larger for a low cell rate connection than for a high cell rate connection; 
and 

25 estimatmg a cell rate for the connection using the value of the adjusted averaging 

parameter. 
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